SUMMARY Blood pressure, height, weight, maturation, triceps skinfold thickness, serum lipids, and hemoglobin were measured as risk factors for coronary artery disease in 3,524 children (93% of the eligible population) in Bogalusa, Louisiana. Nine blood pressures were taken on each child by trained observers with mercury sphygmomanometers (Baumanoneter) and Physomerics automatic recorders in a rigid randomized design in a relaxed atmosphere with other children present. The pressures observed were low compared to reported HYPERTENSION IN ITS EARLY STAGES is poorly understood. Perhaps this is due partly to our limited understanding of the disease and its subclinical manifestations, and to the scanty information concerning its timecourse changes. Furthermore, since there is a lack of satisfactory criteria for diagnosis, the true prevalence of hypertension in children remains to be established. For example, in contrast to the clinical and anatomic manifestations in adults, similar effects and early damage to tissue are undetectable in children. Simply, the early natural history of hypertension, the evolution from youth, needs to be investigated.
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understood. Perhaps this is due partly to our limited understanding of the disease and its subclinical manifestations, and to the scanty information concerning its timecourse changes. Furthermore, since there is a lack of satisfactory criteria for diagnosis, the true prevalence of hypertension in children remains to be established. For example, in contrast to the clinical and anatomic manifestations in adults, similar effects and early damage to tissue are undetectable in children. Simply, the early natural history of hypertension, the evolution from youth, needs to be investigated.
The measurement of blood pressure in a young age segment of a total geographic American community offers the opportunity of delineating normative values specific for age, race, and sex and serves as a background for observing early hypertension in a free-living population. At the same time, such a study offers the opportunity of describing other characteristics that act as determinants of blood pressure. This study describes detailed blood pressure measurements in a biracial population of children in a southern, semi-rural community.
Materials and Methods

Population
The population consisted of all school children, ages 5 through 14, residing in Ward 4 of Washington Parish, Louisiana, including the town of Bogalusa. Ninety-seven percent of the black children and 91% of the white children participated in the study, a total of 3,524 children. Of the study population 37% were black and 63% were white. The results for 15-year-old children are included in the graphs of the present paper for illustrative purposes, but were not included in the calculations because of incomplete population coverage.
Instruments
During the school year [1973] [1974] , indirect blood pressures were obtained on the children by the mercury sphygmomanometer (Baumanometer) and by the Physiometrics automatic blood pressure recorder. The automatic instrument is an electronic infrasonic device that records on a paper disc rotated by an aneroid manometer in open communication with an oversized rubber cuff bladder entirely encircling the upper arm. Selection of the bladder sizes for the Baumanometer cuff was based on arm measurement criteria recommended by Karvonen et al.,1 Simpson et al.,2 and King,3 but with the restrictions that commonly available bladders were used and that shorter arms require a narrower cuff in order to leave room for the stethoscope at the elbow skin crease (see Appendix).
Observer Training
All blood pressure observers (registered and licensed practical nurses) were trained and tested initially and at regular intervals (four times) during the nine months of screening. Two devices were used for training and testing: 1) the sound film, "Practice in Blood Pressure Reading" (National Medical Audiovisual Center at the Center for Disease Control, Atlanta) and 2) a cuff with a Y-shaped tube leading to two Baumanometers, and a stethoscope with Y-shaped tubes leading to two sets of earpieces. These devices enabled blind measurements by two observers on the same subject at the same instant. As criteria for passing these tests, preestablished relative tolerance limits were used and observers were rejected if they consistently reported different values relative to the other observers.
At four times in the year before this study began, five hundred children were examined in Franklinton, La. to aid development of a final protocol to be followed in Bogalusa. The children were encouraged to void before the blood pressures were measured, and volunteer workers guided them through a designated random sequence for examination. For each child the blood pressure was determined by three trained observers in the randomized sequence, each observer independently measuring three consecutive blood pressures per child. Although all of the blood pressure observers were white, black and white staff and volunteer escorts participated in the examinations. Two of these observers each used a well-illuminated mercury Baumanometer placed at eye level and the third a Physiometrics recorder; each instrument was assigned randomly on a daily basis, as were the observers to the instrument. The Physiometrics instrument was calibrated daily before use with the mercury column of the sphygmomanometer. Under quiet conditions, in a screened-off corner, observers recorded the first and fourth Korotkoff phases to determine the right arm blood pressure while each child was seated. The fifth phase was also recorded with sphygmomanometer readings but these readings were less consistent and are not part of -this report. Care was taken to cover the brachial artery with the center of the rubber bladder. Physiometrics discs were read blindly by the same observer throughout the entire study period.
Other Measurements
As part of an overall screening procedure, in addition to blood pressure the following were measured: serum lipids (total cholesterol, triglycerides, lipoprotein fractions), hemoglobin, height, weight, and triceps skinfold thickness. Also, each child received a physical examination which included external maturation measurements (secondary sex character, as described by Tanner4). All measurements followed methods outlined in the detailed protocol (available upon request). Blood pressures were recorded as the last procedure of the screening process lasting from 1 /2 to 2 hours. At the end of the examinations, a random sample (10%) of the children were rescreened. These observations will be described later.
Analysis
In order to describe the detailed observations of blood pressure for the large population of children, certain questions were asked: (a) What are the blood pressure levels related to age, race, and sex? (b) Among all variables measured, which have a statistically significant effect on blood pressure? (c) What variables relate to the differences in observations between the sphygmomanometer and the automatic Physiometrics recorder?
Measures of central tendency and dispersion of blood pressure levels by age, race, and sex subgroups were compared. An apparent difference in racial prevalence within the highest five percent of blood pressure ranks was tested by chi-square technique.
A multiple regression analysis was conducted with individual mean levels of blood pressure as the dependent variable and all other measured variables of relevance as independent variables. Logarithmic transformation was applied to independent variables except for age, height, hemoglobin, maturation, and the nominal variables. A ponderosity index (weight/height3) was chosen as a measure of obesity because of its high correlation with body fatness. 5 The logarithm of the ponderosity index was used in place of the logarithm of weight as an independent variable, in order to avoid artifacts resulting from the highly positive correla- The mean and standard error of mercury sphygmomanometer blood pressures for the children by age, race, and sex are given in figure 1. The relatively higher levels in five and six-year-old children may be attributed to a small-cuff artifact (see Discussion). Since the difference in blood pressure between the sexes was not impressive (except for systolic pressures in the older children), the values for both sexes are combined in the remaining figures. Tables 1 and 2 show summary statistics for mercury sphygmomanometer systolic and diastolic pressures by age for all children studied (race and sex combined), including mean, standard deviation, percentiles, and range.
GIRLS
Blood Pressure Obtained by Automatic Instrument
The distributions of blood pressures by age and race obtained on the Physiometrics instrument for selected percentiles are indicated in figure 2 . A difference clearly exists between the races in the upper percentiles for readings obtained by this instrument.
The difference in measurement between the two instruments ( fig. 3 ) is larger for black than for white children. Racial differences in the means were more apparent on the Physiometrics recorder, where greater consistency was achieved for each age than on the Baumanometer. The age trend of pressures for the five and six-year-old children obtained by Physiometrics recordings differed from that obtained by Baumanometer; because of this difference slightly larger cuffs were used in subsequent studies (see Appendix).
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-uHgsphyq, N=1389 5 6 7 8 9 10 11 12 13 14 15 5 6 7 8 9 10 11 12 13 14 15 Age (years) FIGURE 3. Comparison ofmean Physiometrics (± 2 SE) versus mercury sphygmomanometric blood pressures in school children, by age for each race. crease is related to increase in blood and plasma volume. Although the influence of hemoglobin on blood pressure is small, it is statistically significant and consistently present. This influence may be explained by a relative increase in blood viscosity, as in polycythemia.7 A similar relationship between hematocrit and blood pressure has been found by McDonough et al. in an adult population of Evans County, Georgia. 8 The influence of maturation on blood pressure was seen in each instance except for the diastolic Baumanometer readings. It has been described previously by Tanner.4 The positive effect of male sex on blood pressure was of low order and was significant in the systolic readings only.
The positive effect of black race was highly significant for the Physiometrics instrument but less so for the Baumanometer values. The influence of instrument on blood pressure readings is analyzed below.
For all practical purposes, each of eight observers examined an approximately equal number of children, twice as often by Baumanometer as by Physiometrics instrument. It was found that the largest effect noted due to observer had a magnitude of 2-3 mm Hg. The observer effect noted by the Physiometrics levels is consistent with interpersonal influence on the child, since measurement bias was excluded through blind reading of the discs.
There was no association of blood pressure with age nor with serum lipid levels, after controlling for the other variables.
Determinants of the Difference between Baumanometer and Physiometrics Blood Pressure Instruments
Stepwise multiple regression analysis for difference in reading by the two instruments as the dependent variable Age (years) FIGURE 4 . Racial distribution in the upper five percent of mean blood pressure for school children, by age group and by instrument. Mean blood pressure = %2 (systolic + fourth-phase pressure). On the mercury sphygmomanometer the racial difference at age 5-9 was nonsignificant, and the significance for age groups 10-14 and 4-14 was at the 1% and 5% level, respectively. On the Physiometrics instrument the levels of significance were all beyond the 0.05% level (chi-square test).
was made separately for the systolic and diastolic pressures. Independent variables were selected for conceptual relevance.9 Table 6 presents the resulting regression coefficients and standardized partial regression coefficients with their level of significance for all variables contributing to the read- level.9 For ages 11-14, the Physiometrics readings are higher than the Baumanometer readings, in all likelihood due to the differential sensitivity of the two instruments for the pressure wave frequency spectrum.
Reduction of the influence of the emotional state of the child on blood pressure was attempted by (a) elaborate preliminary information and demonstration, (b) a network of local volunteers as guides, (c) sedentary waiting periods between the multiple measurements, (d) observers trained for comparability of readings and intent upon creating a continuously friendly and relaxed atmosphere, (e) encouraging the children to void prior to the blood pressure measurements, and (f) observance of the blood pressure at the end of a sequence of other examinations. There are no data to establish the potential effect of white observers on black children in this study.
We were unable to find studies on repetitive blood pressure measurement in recent literature on school-age children. Such studies have been obtained for adults,30 33 and show that many repeated measurements (12 or more on small numbers of subjects) are on the average lower than the casual measurements in population studies.348-Taking age into account, the repetitive measurements were on the average 25 mm Hg lower than the casual population measurements for the systolic pressures, and 15 mm Hg for the diastolic pressures. Results from the National Health Examination Survey are intermediate; three measurements per individual were taken instead of the usual one measurement. 38 Initial pressures in repetitive studies were on the average 2-14 mm Hg higher than the last measurements. In Bogalusa the first measurements differed from the later ones by an average of 2 mm Hg. One explanation for the low levels of blood pressure seems to be that subjects of repetitive measurements are generally less excited because of their familiarity with the procedure.39
The mean age-specific levels of blood pressure as observed in the present study are very similar to the basal blood pressures reported by Shock.40 Harlan et al.,4' in their 18-year follow-up of 350 naval flight students, found that basal blood pressures predicted subsequent pressures in the same individual better than did casual pressures. In their 30-year follow-up report'2 they concluded that ". . . minimizing extraneous influences probably increases the validity and predictive capacity of blood pressures recorded early in life." The Bogalusa Heart Study, which includes some annual follow-up examinations to observe trends over time, was designed to obtain observations on relaxed children which might serve as baseline measurements.
It has been stated frequently that essential hypertension is rarely found in childhood, and that most cases of hypertension in children are of a secondary nature.43 Recent observations by Londe et al.,45 after extensive effort to exclude secondary causes, fail to support this viewpoint. Although elaborate studies have recorded blood pressure in free-living children, interpretation of these observations in terms of disease is difficult. From our studies it becomes obvious that standard methods to obtain reproducible and baseline levels are needed, and that the level of the higher percentiles for a given population may be used at this time only as an approximate guide for making a diagnosis of hypertension. The natural history of primary hypertension will not be understood until the evolution of blood pressure levels is known, early changes in the cardiovascular system are recognized, and the determinants are identified, including the influence of familial and environmental factors. At such time it may become possible to predict in early life who will develop disease, and to begin meaningful prevention. 
